I N T RO D U C T I O N
Diabetes has become the most common cause of end-stage kidney disease (ESKD) in most countries, with still increasing incidence, while incidence rates of ESKD from other causes seem to have stabilized [1, 2] .
The question on optimal choice of dialysis modality, whether it be peritoneal dialysis (PD) or haemodialysis (HD), remains a matter of debate, especially in diabetic patients with ESKD [3] [4] [5] . Modality choice might have some peculiar aspects in diabetics with advanced chronic kidney disease (CKD). There is the fear that constant exposure to glucose in the dialysate may further worsen glycaemic control in diabetic patients when on peritoneal dialysis. On the contrary, PD therapy may be better tolerated than HD because of a more stable blood pressure in diabetic patients, e.g. with autonomic neuropathy. Also, creation of a good vascular access in the presence of advanced calcific atherosclerosis might be challenging [3] .
Randomized controlled trials comparing PD and HD [6] have been proven to be very difficult due to recruitment problems. Because of conflicting results in observational studies [7] [8] [9] , it is still unclear whether in diabetic CKD patients one dialysis modality should be preferred over another as a first line approach because of a substantial difference in major outcomes. Currently, there is great heterogeneity in practice concerning the information given to the patients and the choice of first modality of treatment [10] . A US survey among nephrologists has shown that people with diabetes had half the odds of being recommended for PD [11] . On the other hand, a similar survey among Canadian, British Isles and American nephrologists showed that diabetes operates slightly to favour PD [12] [13] [14] .
The European Renal Best Practice (ERBP) Diabetes guideline development group therefore aimed at performing a systematic review of the available evidence in order to establish whether in diabetic patients the choice of the first dialysis modality may impact on their clinical outcomes.
M AT E R I A L S A N D M E T H O D S
Data source and search strategy MEDLINE, EMBASE and CENTRAL databases were searched until February 2014 for English-language articles without time or methodology restrictions through focused and highly sensitive search strategies (Supplementary Table S1 ). Supplementary articles were added by manual search.
Study selection
We planned to include any randomized or non-randomized controlled trial, single-arm, prospective or retrospective observational study comparing any kind of peritoneal dialysis (automated peritoneal dialysis APD, continuous ambulatory peritoneal dialysis CAPD) to any kind of haemodialysis (conventional HD, haemofiltration HF, haemodiafiltration HDF, daily HD) as first renal replacement therapy in diabetic patients with ESKD. Studies were considered without follow-up duration restrictions. Diabetes (type I or II) was considered either as being the cause of ESKD or a superimposed condition. Studies where a well-defined part of the population fulfilled the above criteria were included in the review. Outcomes of interest were survival, quality of life, major morbid events (including but not limited to myocardial infarction, stroke, amputation and loss of vision), hospital admissions, deterioration of residual renal function when already on dialysis, minor morbid events (including but not limited to hypoglycaemia, delayed wound healing, infection, visual disturbances and pain), functional status, glycaemic control, access to transplantation and technique survival. Studies were excluded if: (i) outcomes were not reported for diabetics separately; (ii) not providing longitudinal data on any of the above mentioned outcomes; (iii) not directly comparing HD with PD. Case reports, reviews, editorials and letters were excluded as well, although they were screened as potential sources of additional references. Selection of relevant studies was independently performed by two authors (C.C. and D.B.). Discrepancies were solved collegially.
Quality assessment
We used the Newcastle-Ottawa Scale [15] to assess the study quality for observational studies. This scale considers a quality score calculated on the basis of three major issues: study participants (0-4 points), adjustment for confounding (0-2 points) or ascertainment of the exposure or outcome of interest (0-3 points) with a maximum score of 9 points which represents the highest methodological quality.
Data extraction and analysis
Data extraction and analysis were performed by two reviewers independently (C.C. and D.B.). In studies considering mixed populations, the subgroup of patients with documented diabetes was described only if corresponding data were available.
R E S U LT S
Search results and study selection Four hundred and twenty-three records were identified through database searches. In addition, three more studies were found through additional sources. Among them, 76 fulltext articles were assessed for eligibility. Fifty-one full-text articles were excluded: 19 because of an inappropriate study population, 15 because of the absence of the comparator or an inappropriate intervention and 17 for other causes, mainly because of a lack in reporting of outcomes for diabetic patients separately. Figure 1 provides a flow diagram of the study selection process.
Study characteristics
Among the 25 studies included, there were no randomized controlled trials, 23 were cohort studies in incident patients (registries, historical prospective cohorts, retrospective cohorts) and 2 studies in prevalent patients [16, 17] . Eight studies started inclusion before 1995 [7, [18] [19] [20] [21] [22] [23] [24] , 7 studies between 1995 and 2000 [8, [25] [26] [27] [28] [29] [30] [31] and 7 after 2000 [32] [33] [34] [35] [36] [37] [38] . The details of the 23 studies that included incident patients are summarized in Table 1 . The total number of patients included in the 23 incident cohort studies was 1 008 453, ranging from 181 [31] to 398 940 [27] . None included only diabetic patients; the percentage of diabetic patients ranged from 9 [26] to 61% [38] . The total number of diabetic patients included was 721 783 on HD and 106 790 on PD. In those studies, no treatment details were available allowing us to analyse the benefit from haemodiafiltration or automated PD for example. Eleven cohort studies reported on North American patients, 8 on European patients, 3 from Asia and 1 from South America. Three studies were based on the CMS form for ESKD patients in the USA with overlapping periods [27, 29, 30] . The two retrospective cohort studies that included United States Renal Data System (USRDS) prevalent patients ended their inclusion more than 15 years ago and did not give the number of diabetic patients according to their dialysis modality [16, 17] .
Risk of bias
The overall study quality assessed by the Newcastle-Ottawa scale was moderate to high (range [5] [6] [7] [8] [9] . The details are given in Table 2 .
Because of their observational design, none of the included studies was free from selection bias. Furthermore, since none There was some heterogeneity in the length of follow-up among studies (from 1 to 8 years) which may hamper the generalizability of results. Because many studies have shown a non-proportional hazard, the risk over time was evaluated using various methods. Five studies used a Poisson regression model which allowed them to take into account person-time [21, 22, 24, 27, 31] , eight used a non-proportional hazards (Cox) model stratified on time [19, 20, 22, 23, 25, [28] [29] [30] and one used a marginal structural model stratified on time [38] .
Outcomes
None of the reviewed studies provided data on quality of life, patient satisfaction, major and minor morbid events, hospital admissions, deterioration of residual renal function, functional status, glycaemic control, access to transplantation or survival of the technique. Twenty-four cohort studies analysed the risk of death. Only one cohort study considered the risk of infectious complications [31] .
First dialysis modality and mortality Supplementary Table S2 shows the association of PD with mortality in incident diabetic patients within the 23 cohort studies.
In intention-to-treat analyses (i.e. patients are assigned to their initial treatment and not to the treatment eventually received), the results were as follows.
Statistically significant difference in favour of PD (highlighted in red in Supplementary Table S2 ) was observed in patients aged 40-50 years before 15 months after the start of dialysis [19] , in patients aged 18-44 years without other comorbidities during the first 3 years [27] , in patients under 60 years in the first 2 years [25] , in the first 12 months [34] , 9 months [38] or 6 months [23] .
Statistically significant difference in favour of HD (highlighted in green in Supplementary Table S2 ) was observed in patients aged over 50 years after 15 months [19] , in all the patients [39] , in patients with or without CAD after 6 months [29, 30] , in patients with congestive heart failure (CHF) [29] , in patients without CHF after 6 months [29] , in patients over 45 years [27] , in patients over 67 years [22] , in patients over 65 years after 6 months [20] , in elderly women over 70 years [8] , after 1 year when starting at Day 90, and in patients under 60 years [36] , in patients aged 18-60 years [36] , in all the subgroups over 45 years [24] .
No statistically significant difference was observed in all patients [7, 18, 21, 26, 32, 35] , in men or women under 70 years [8] , in elderly patients over 75 [33] , in patients under 40 years after 15 months or 60-70 years before 15 months [19] , in patients 18-44 years with comorbidities [27] , in all patients during the first 2 years [28] , in patients <60 years or patients over 60 years in the first 2 years [25] , in patients over 65 years before 6 months [20] , in patients over 60 years [36] , in all the patients after 6 months [23] , in patients aged 18-44 years [24] .
In as-treated analyses (i.e. patients are considered at risk as long they are treated in the modality), a statistical difference in favour of PD was observed in all patients [7] , only in patients under 60 years during the first 2 years [25] , patients under 65
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years [21] , during the first year [34] . In patients aged over 44 years, Yeates et al. [24] showed a higher risk of death in diabetic patients on PD. Stack et al. [40] reported adjusted mortality to be higher for PD patients with CHF who remained on this therapy during the follow-up and for patients who switched compared with those who remained on HD. In the subgroup without CHF, the mortality was similar for patients who remained either on HD or PD but was higher for those who switched. In the USRDS cohort that also included prevalent patients, PD was associated with higher mortality [16] . In another USRDS cohort, diabetic patients appeared to suffer from a substantially higher cerebrovascular death rate on PD versus HD with advancing age [17] . Of note, this study did not provide details on other mortality causes (competing risks).
Dialysis modality and infectious complications
In one small cohort study, higher infection rates (hospitalization or access-related infections) were observed in diabetic PD patients (1.28 versus 0.84/year, P < 0.004) but this difference lost its statistical significance after adjustment for albumin, age, race and gender (RR 1.13; 95% CI 0.76-1.67) [31] .
D I S C U S S I O N
When considering patient survival, in presence of conflicting results, we found no evidence-based arguments in favour or against a particular dialysis modality as first treatment in patients with diabetes and ESKD. According to subgroup analyses, some concerns may arise about choosing PD for elderly and frail patients since this technique was associated with a higher risk of death, particularly in the mid-short term.
Differences between studies can be explained by differences in PD and HD practices, and can thus be country or centrespecific. Mehrotra et al. [41] , using the database of five large US dialysis providers, found that the propensity to start PD in a certain chain substantially influenced relative mortality risk in PD versus HD patients. Most studies compared all PD techniques with all HD modalities, blurring the interpretation of results for those separate techniques. The higher mortality on PD versus HD reported in the Australia and New Zealand Dialysis and Transplant (ANZDATA) cohort, for example, disappeared when home HD patients are excluded [42] . It has been well demonstrated that, in peritoneal dialysis, applying short dwells results in better survival in fast transporting patients, whereas long dwells result in better survival in slow transporting patients [43, 44] . Neglecting this type of (subtle) nuances in treatment practice might severely impact on the final interpretation of the data.
Unfortunately, most of the studies based on registry data did not take into account the renal function at dialysis start. The better survival associated with PD in the initial phase seen in some studies could be explained by a higher residual renal function in those patients who started earlier than their counterparts on HD, as observed in many registries [45, 46] . Early starters have an artificial survival advantage, since at baseline they are earlier in the course of their disease than late starters; this bias is usually referred to as 'lead-time bias'. Another possible explanation of contradictory results may be due to the vascular access used in HD patients in the various countries. In fact, some studies have shown important influence of HD vascular access type on survival comparisons between incident HD and PD patients [47, 48] . In a study including 40 526 incident adult dialysis patients from the Canadian Organ Replacement Register between 2001 and 2008, patients starting HD using a central venous catheter had a higher risk of death in the first year compared with those who started PD (adjusted HR, 1.8; 95% CI, 1.6-1.9), whereas there was no difference in survival between HD patients with arterovenous fistula or graft and PD patients (adjusted HR, 0.9; 95% CI, 0.8-1.1) [47] . In a study including 152 patients in Portugal, the number of infection-free patients in two groups either PD or HD with tunnelled cuffed catheter was, respectively, 57 and 65% after 1 year of follow-up; both catheter-related bacteraemia and hospital admissions were significantly higher in the HD-tunnelled cuffed catheter group. Only one study analysed the association of dialysis modality and infection in diabetic patients [31] . Mainly because of lack of power, this study was inconclusive. In an ANZDATA cohort, PD was consistently associated with increased hazard of death from infection compared with HD after 6 months of treatment using a competing risks approach [49] . This increased risk of infectious death in PD patients was largely accounted for by an increased risk of death caused by bacterial or fungal peritonitis. Unfortunately, no subgroup analyses were performed in diabetic patients. In addition to the direct effects of central venous catheter use on morbidity and mortality, initiation of HD with a central venous catheter is a proxy for comorbid patient characteristics that are associated with reduced survival among dialysis patients. In diabetic patients, the difficulty to create a fistula due to advanced calcific atherosclerosis in peripheral vessels reflects probably also the poor vascular condition of vital organs. Also, emergency dialysis start is an additional risk factor associated to HD with a catheter. When PD was compared with unplanned HD, the risk of death at 2 years tended to be higher in elderly French patients starting dialysis after 75 years (HR: 1.3, 95% CI: 0.9-1.7) [33] .
Discrepant results between studies may be due to the period of observation. One may argue that practice concerning adequate dialysis or timing of dialysis initiation may have changed over time and may have an impact on the relative benefit from one modality over another. A Danish study showed an overall benefit for PD in diabetic patients in the cohort 2000-2010 (HR 0.85, 95% CI 0.75-0.97) which is mainly due to the initial period of 6 months: HR 0.48 (95% CI 0.32-0.73). After 6 months, no statistical difference between the two modalities was observed [23] . In the cohort 1990-1999, survival was better on PD for the first 6 months (HR 0.34, 95% CI 0.2-0.56) but was better on HD after 48 months (HR 1.52, 95% CI 1.08-2.12). We found no association between the year of publication and the conclusions drawn from the included studies.
There might be differences in the outcomes between PD and HD based on variation in regional practices, and also over with changing practices over time. Whereas formal analysis of this aspect is difficult, it has been suggested that countries with higher PD prevalence tend to have better outcomes [7, 19, 21, 23, 25] .
Because of the numerous methodological pitfalls in observational studies comparing PD and HD, utmost caution is required in the interpretation of results, as in all studies, selection bias may not be set aside.
First, the methodology of data management has an influence. In 13 studies, patients were included only if they had survived at least 90 days [18-20, 25-27, 29, 30, 32, 35-38] . As mortality risk is much higher in HD patients in the first 3 months, studies including prevalent patients, or including only patients who survived the first 90 days, have a selection bias in favour of HD (survival of the fittest bias). In a matched pair cohort study, Weinhandel et al. [34] demonstrated that PD was associated with improved survival when analysis included all patients from Day 0, but not if patients were only included after 90 days.
Second, differences in patient mix (age, gender, diabetes, cardiovascular disease, dropout rate for transplantation) of the cohorts may influence outcome. With the exception of three studies [26, 32, 33] , PD patients were younger and had less comorbidity. All studies used adjustment on case-mix to overcome indication bias due to the fact that treatment was not allocated in a randomized way. The confounders included in the multivariate analysis were highly variable among studies and one cannot exclude residual confounding. Five used a propensity score [8, 20, 28, 34, 35] . One study used a marginal structural model with an inverse probability of treatment weighting [38] to balance the known treatment-specific covariate distributions, a new approach for causal inference from observational data. This technique, however, still does not balance unknown confounders. None used an instrumental variable. Third, the type of performed statistical analyses could influence the results, as most patients transfer between modalities, and censoring may be informative [50] . Since most techniques are based on the hypothesis of a non-informative censoring at transplantation, this may result in overestimation of the cumulative risk of death. Seven intention-to-treat studies considered all deaths after the start of renal replacement therapy, regardless whether they occurred during dialysis or transplantation [21, 24, 29, 30, 33, 35, 36] . In fourteen other studies, patients were censored at the time of renal transplantation [7, 18-20, 22, 23, 25-28, 30, 37, 38] , but only one study used an inverse probability of censoring weighting [38] to address informative censoring. In the technique of inverse probability of censoring weighting patients are weighted by the inverse of their probability of getting a transplant and this taking into account their specific covariates. None used transplantation as time-dependent variable to take into account a risk factor that is not present at start. None used competing risks analysis [51, 52] to estimate the survival probability in both groups as death during dialysis can only be observed if patients are not transplanted. However, the Cox model used in the majority of the studies allows to estimate the hazard ratio in a cause-specific approach [53] .
More treatment switches have been observed for PD patients [7, 29, 38] . Therefore, the way those switches are analysed may result in selection bias. All studies used an intention-to-treat analysis. Some of them also performed additional analysis: astreated [7, 21, 25, [27] [28] [29] [30] , censoring at switch [7, 18, 22, 28] or switch considered as treatment failure [21, 28] . Last, all studies performed numerous subgroup analyses which may result in low power and the risk of introducing selection bias. One has to find a good balance between taking into account details of differences between different variations of both haemodialysis and peritoneal dialysis, and still preserving sufficient statistical power. Careful planning of studies with a priori specification and power calculation of analyses to be performed should be recommended. Because of non-proportional hazards, with only one exception [18] , all studies stratified their analysis: on time and age [19, 20, 22, 25] , time and some comorbidities [29, 30] , time alone [28] , age alone [7, 21, 26, 32, 33] , age and gender [8] , age and comorbidities [27, 34] .
In the absence of data concerning comparison of HD and PD in terms of quality of life in diabetic ESKD patients, it was not possible to explore this critically important outcome. Although diabetics have a lower quality of life than non-diabetic dialysis patients [54, 55] , the influence of dialysis modality needs further exploration. Four systematic reviews on this topic, including ESKD patients with or without diabetes, did not find statistically significant differences in quality of life (QOL) or utility [55] [56] [57] [58] between PD and HD patients even if PD patients tend to rate their quality of life higher than HD patients. Yet, HD patients may enjoy a relatively better QOL in the physical dimensions over time [56] . Mental health components are comparable between both dialysis populations. However, there is evidence that free modality choice is associated with more satisfaction of patients with their overall care (Van Biesen et al., NDT, CEAPIR data under submission).
The question of whether peritoneal dialysis or haemodialysis should be the preferred modality to start renal replacement therapy has been posed since the very introduction of PD. Only one randomized controlled trial has been published, showing no difference in 3-year mortality [6] . This study was hampered by recruitment problems and, despite many efforts, only included 38 patients, probably pointing out that patients do not want to be randomized to a modality, but prefer to make their own choice.
Our review has some strengths and limitations that deserve mentioning. Strengths include a systematic search of medical databases, data extraction, analysis and study quality assessment by two independent reviewers. In contrast, this review is limited by the quality and the number of data available to address the question of modality selection in diabetic patients. Except mortality, no other outcomes have been addressed by large cohorts. Accordingly, a previous meta-analysis of outcome studies in ESKD patients was also unable to resolve the question of whether PD and HD provide equivalent outcomes because of the heterogeneity of the studies [59] . Due to the nature of our search question, our study was not intended to answer other important questions such as the place of transplantation, or of conservative care. Our conclusions consequently apply only to patients who, in view of their expected life expectancy [60, 61] , decided to start renal replacement therapy, and have no access to a pre-emptive transplantation.
In conclusion, the available evidence derived from observational studies is inconsistent. Therefore evidence-based arguments indicating that HD or PD as first treatment may improve patient-centred outcomes in diabetics with ESKD are lacking. In the absence of such evidence modality selection should be governed by patient preference, after unbiased patient information.
S U P P L E M E N TA RY D ATA
Supplementary data are available online at http://ndt.oxfordjournals.org.
AC K N OW L E D G E M E N T
The ERBP Diabetes Guideline Development Group consists of 
D I S C L A I M E R
The present text is based upon the information available to the guideline development group at the time of the preparation of this publication. It has been designed to provide information and assist decision-making, but is not intended to define a standard of care or to improve an exclusive course of diagnosis, prevention or treatment. Variations in practice are inevitable when physicians take into account individual patient needs, available resources and limitations specific for a geographic area, country, institution or type of practice. In addition, evidence may change over time as new information becomes available, so that practice may be modified subsequently. Every practitioner using this text is responsible for its application to any particular clinical situation. The work group members involved in the development of the present text have disclosed all actual and potential conflicts of interest that may arise as a result of an outside relationship or a personal, professional, or business interest at the website of ERBP (www.european-renal-best-practice.org).
CO N F L I C T O F I N T E R E S T S TAT E M E N T
None declared. 
